In this paper we describe the synthesis, the electrochemical behaviour as well as the linear and nonlinear optical (NLO) properties of two push-pull derivatives bearing pyranylidene electron donating fragment, pyrimidine/methyl pyrimidinium electron withdrawing moiety and a ferrocene part in the π-conjugated bridge. The properties of these two compounds were compared to their analogues without ferrocene or pyranylidene fragments. Experimental results were completed with DFT calculations to gain further insight into the intramolecular charge transfer (ICT). All the results indicate a significant charge transfer through the ferrocene unit. The ICT is however more limited than in all organic analogues.
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2 include optical signal processing, integrated optics and second harmonic generation (SHG) microscopy. In comparison with inorganic NLO crystals such as lithium niobate, organic or organometallic NLO chromophores have many advantages such as a lower cost, larger and faster NLO responses. [10] [11] [12] Second order NLO properties require the absence of centrosymmetry and generally the second order NLO chromophores are based on an electron-donating group (D) and an electron-withdrawing group (A) linked by a π-conjugated bridge (D-π-A). [10] [11] [12] [13] [14] [15] properties are directly related to the intramolecular charge transfer (ICT) occurring in such structures and can be easily tuned by varying the nature of the donor/acceptor couple and the π-conjugated spacer. [16] [17] [18] In our group, we have recently optimized the NLO properties of chromophores based on pyrimidine [19] [20] [21] [22] [23] [24] and/or pyranylidene [22] [23] [24] [25] [26] [27] moieties as electron-withdrawing and electrondonating fragments respectively. It has been shown that pyrimidine and methylated pyrimidinium salts exhibit higher electron-withdrawing character than well-known pyridine analogues. 28 Proaromatic pyranylidene moieties, capable of gaining aromaticity upon ICT process into the push-pull structure, are now well-established electron-donating groups. 25, [29] [30] [31] [32] The ferrocene moiety has been extensively used as electron-donating part of NLO chromophores. 13, [33] [34] [35] [36] [37] Ferrocene exhibits a good thermal and photochemical stability and the possibility of redox switching at low redox potential. 38, 39 Ferrocene has rarely been used as spacer between donor and acceptor parts of push-pull molecules even if electron-transfer through the ferrocene has been demonstrated. [40] [41] [42] In this case, the charge transfer occurs "through space" and represents an alternative molecular strategy for NLO chromophores. 43, 44 1,1'-disubstituted ferrocenes with aromatic or alkynyl substituents generally adopt a stacked syn-conformation due to the electronic preference of the ferrocene and favorable π-π M A N U S C R I P T
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4 methylated under reflux with iodomethane in pyrimidinium iodide to give complexes 2, 4 and 6 respectively in excellent yields (>95%) (Scheme 2). This N-methylation occurs regioselectively on the nitrogen in position 1 of the heterocyclic ring.
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Scheme 1 Synthesis of compound 1 Scheme 2 Synthesis of N-methylpyrimidinium derivatives 2, 4 and 6
The compounds 1-6 were characterized by IR, NMR ( 1 H, and
Electrochemical studies
Electrochemical studies were performed in order to examine redox potentials of the compounds Table 1 and led to the following points: a) Cationic complexes 2, 4 and 6 bearing the redox-active iodide counteranion I -display an oxidation peak at around 0.5 V, which can be attributed to the oxidation of the iodide anion. respectively), which may involve the oxidation of the pyranylidene moiety into a radical cation, is observed on the forward scan. This latter immediately reacts by dimerization to form a bispyrylium salt, 52 which is detected on the backward scan at around -0.15 V (irreversible cathodic peak). This C-C bond making/breaking process upon electron transfer has been largely studied in our laboratory and allow us to do the assignment of these oxidation peaks to the oxidation of the pyranylidene fragment.
53
For 2, this oxidation process take place at the same potential that the iodide oxidation.
In the case of the organic compounds 3 and 4, when an anodic scan is performed, no clear cathodic peak is detected on the reverse cathodic scan, probably because several C-C coupling processes may occur in the extended π-system. 51 However, for
compound 3 the oxidation peak at 0.62 V can be attributed to the oxidation of the pyranylidene fragment.
In addition, for 1, the two reversible systems, at 0.70V and 0.83V can be attributed to the ferrocenyl groups of the bispyrylium compound formed during the oxidation process. 52 In the case of 2, these systems are badly defined because of a deposition phenomenon at the electrode surface. The aforementioned elements led us to the two following suggestions:
i) Among the three neutral compounds, the lowest energetic gap
is calculated for the organic compound 3 (2.12 V) vs the ferrocenyl derivatives 1 (2.23 V) and 5 (2.48 V); which is in favour of a better electronic delocalization for the organic derivative 3 (3>1>5);
ii) Due to the enhanced withdrawing effect of the pyrimidinium fragment, the reduction peak E p red1 of the methylated complexes 2, 4 and is significantly lowered (0.83 to 1.12 V) compared to the neutral precursor 1, 3 and 5 respectively. By
consequence the band gap ∆E must be lowered and a better ICT is expected in this cationic series. 
UV-vis spectroscopy
The absorption spectra of compounds 1-6 ( Figure 1 ) were recorded in chloroform at a concentration of 10 −3 -10 −4 M in the 270-800 nm wavelength range and the results are given in Table 2 . For ferrocene derivatives 1, 2, 5 and 6, the lower energy bands (λ = 512, 684, 489
and 626 nm respectively), can probably be assigned to the metal-to-ligand charge transfer transition (MLCT). 
EFISH experiments
The second-order NLO responses of chromophores 1-6 were measured by the EFISH technique in CHCl 3 solution with a non resonant incident wavelength of 1907 nm. The second harmonic at λ = 953 nm stays well clear of the absorption bands of the chromophores.
Experimental details on EFISH measurements are given elsewhere. 55 EFISH measurements provide information about the scalar product µβ (2ω) of the vector component of the first hyperpolarisability tensor β and the dipole moment vector. [56] [57] [58] [59] This product is derived according to equation 1 and considering γ 0 (-2ω,ω,ω,0), the third-order term, as negligible for the push-pull compounds under consideration. This approximation is usually used for pushpull organic and organometallic molecules.
The results of EFISH measurements are presented in Table 2 . For all the compounds, positive µβ were obtained, indicating that excited states are more polarized than the ground state and that both ground and excited states are polarized in the same direction. It should be noted that no stable µβ value was obtained for compound 6 that did not seem stable under EFISH measurement. As expected, pyrimidinium derivatives 2 and 4 exhibit higher NLO response than their neutral analogues 1 and 3. Fully organic compounds 3 and 4 exhibit significantly higher NLO responses than ferrocene derivatives 1 and 2. These results are in full accordance with the electrochemical and UV-visible data: the introduction of the ferrocene unit into the π- and 2' (Gibbs energy). In this conformation, the two ferrocenyl substituents are almost perfectly eclipsed (C 5 /C 5 staggering angle lower than 2°), whereas the cyclopentadienyl rings remain almost perfectly parallel, making angles lower that 2°. The energy preference for the more crowded syn conformation is the consequence of significant non-covalent π-π interactions (dispersion forces). In the four computed complexes, the corresponding shortest C…C and C...O interplane contacts lie in the range 3.4-3.5 Å and 3.3-3.4 Å, respectively. The structures of both conformers with their relative energies are provided in Figure S1 . The optimized geometries of complexes 1 (syn), 2 (syn), 5 and 6 are shown in Figure 3 . Selected bond distances are given in Table 3 , together with the computed HOMO-LUMO gaps, the trend of which is fully consistent with the electrochemical results. All of these findings suggest that the organic species are more conjugated than their organometallic counterparts M A N U S C R I P T
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and methylated cations are more conjugated than their neutral relatives as noted previously for related metal complexes, [23] [24] structural/electronic effect. It should be also mentioned that the high-energy anti conformers of the computed push-pull models exhibit rather similar distances and electronic structures than their syn counterparts. Similarly, their optical properties are similar and will not be discussed below.
Scheme 3
The computed push-pull models with atom numbering used in the calculations. The atom numbering adopted for 5 and 6 is the same (when applying).
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Figure 3 Optimized geometries of complexes 1 (syn), 2 (syn), 5 and 6. The UV-vis excitation energies of complexes 1-6, were computed by time-dependent DFT (TD-DFT) calculations at the CAM-B3LYP level (see Computational details). The major transitions energies are reported in Table 2 , besides the corresponding experimental λ max values, and the simulated spectra in Figure 5 . There is a good agreement between the M A N U S C R I P T
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simulated and recorded spectra. For all the computed compounds, the only transition associated with a large electron transfer (from pyranylidene to pyrimidine for 1-4 and from Fc to pyrimidine in the case of 5 and 6) is that of higher energy, i.e. that corresponding to the band of larger intensity ( Figure 5 ). Unsurprisingly, they are somewhat larger in the methylated cations, as compared to their neutral relatives. [a] computed at 1907 nm.
Quadratic non-linear optical hyperpolarizabilities have been also computed for compounds 1-6 (see computational details). The calculated β static and β dynamic (at 1907 nm) values are given in Table 4 . Although these results have to be considered only at a qualitative level, they are in a good agreement with the EFISH measurements (see above).
Conclusion
In summary, we have designed and prepared six push-pull chromophores to evaluate the effects of the ferrocene, the pyranylidene and the pyrimidine/ methyl pyrimidium fragments 
Experimental section
General Methods
All reactions were conducted under a dry nitrogen atmosphere using Schlenk techniques, but workups were carried out in air. The starting materials were purchased from Sigma-Aldrich or Alfa-Aesar and were used as received. The solvents were used as received except tetrahydrofuran that was distilled under a dry nitrogen atmosphere over sodium and benzophenone. Compounds 3 51 and 5 19 were obtained according to reported procedures. NMR spectra were acquired at room temperature on a Bruker AC-300 spectrometer ( 1 H at 300
MHz, 13 C at 75 MHz) and referenced as follows: 1 H NMR, residual CHCl 3 (δ = 7.26 ppm); 
Cyclic voltammetry experimental details
The electrochemical studies were performed with a home-made 3-electrode cell (WE: carbon disk, RE: Ag wire, CE: Pt wire). Decamethylferrocene was added as an internal reference at the end of each experiment; all the potential are quoted against the decamethylferrocenium- (Aldrich) was used without further purification.
Computational details
DFT geometry optimizations were carried out using the Gaussian 09 package, 60 employing the PBE0 functional, [61] [62] [63] together with the D3 version of Grimme's empirical dispersion (Becke-Johnson damping) 64 and using the Def2-TZVP basis set. 65 Solvent (chloroform) effects have been taken into account using the PCM model. [66] [67] All stationary points were fully characterized via analytical frequency calculations as true minima (no imaginary values). The composition of the Kohn-Sham orbitals was calculated using the AOMix program. 68 The graphical GaussView interface was used. 69 The UV-visible transitions were calculated by means of TD-DFT calculations on the optimized geometries with the CAM-B3LYP functional 70 which is more appropriate than PBE0 for computing charge-transfer excitation energies. Only singlet-singlet transitions have been taken into account. Only the transitions with non-negligible oscillator strengths are discussed in the paper. The TD-DFT simulated UV-vis spectra were performed using the SWizard program. • Intramolecular charge transfer through ferrocene moiety was studied.
• Electrochemical and photophysical properties were compared with all organic analogues.
• The ferrocene unit limits charge transfert from donor to acceptor.
